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1 [bookmark: _Ref129681832]Introduction
RAN#97-e updated the work item on NR sidelink evolution for FR2 licensed spectrum [1]. In 4Q 2022, the work on FR2 will focus only on updating the evaluation methodology for commercial use cases.
	3. [bookmark: _Hlk89917254]Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022.
· [bookmark: _Hlk89917283]Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


In this contribution, evaluation methodology for sidelink on FR2 licensed spectrum is studied on UE dropping model, channel model, traffic model and performance metric for both indoor scenario and outdoor scenario.
2 Evaluation methodology
2.1 Background
The operation of Rel-18 sidelink over FR2 is motivated to support high data rate transmission for commercial usage, such as interactive services (e.g. AR, VR, cloud gaming). However, neither NR Uu over FR2 considers UE-to-UE communication, nor Rel-16/17 NR sidelink considers indoor scenarios. Thus, there is a need to introduce new or updated models for UE deployment and UE dropping for indoor scenarios. In addition, SL-FR2 transmission should also consider outdoor scenarios, similar as for NR Uu FR2 and Rel-17 SL commercial use cases. In addition, during Rel-16 V2X SI, simulation assumption for FR2 in V2X cases are also defined, and some of them can be reused as well. With this, evaluation methodology and simulation assumptions of NR Uu defined in TR 38.802, NR V2X/sidelink defined in TR 37.885 and commercial use cases in Rel-17 can be reused as much as possible. 
[bookmark: _Ref100650135][bookmark: _Ref101778365][bookmark: _Ref114345803]Proposal 1: The evaluation methodologies of FR2 for NR Uu defined in TR 38.802, NR V2X defined in TR 37.885 and agreements for Rel-17 SL commercial use cases, should be reused as much as possible, with adjustment for sidelink over FR2, where both indoor and outdoor can be considered.
2.2 General assumption on simulation parameters
2.2.1 On operating frequency and simulation bandwidth
From the definition in TR 38.104 Table 5.1-1, the frequency range of FR2-1 is 24250 MHz – 52600 MHz and the frequency range of FR2-2 is 52600 MHz – 71000 MHz.
In TR 37.885, the carrier frequency for FR2 can be 30 GHz and the simulation bandwidth is 200 MHz. We can reuse these parameters for sidelink over FR2.
[bookmark: _Ref114930542]Proposal 2: Reuse simulation assumptions on operating frequency and simulation bandwidth as defined in TR 37.885 for sidelink over FR2, where the carrier frequency for FR2 can be 30 GHz and the simulation bandwidth is 200 MHz.
2.2.2 On numerology
In NR Uu FR2, both 120 kHz and 60 kHz subcarrier spacing are considered in TR 38.802. Since the configuration of subcarrier spacing is highly related to latency and coverage, and one of the target traffic types for NR SL FR2 is XR traffic, which has strict requirements on service latency, thus it is recommended to use 120 kHz subcarrier spacing in the evaluation.  In addition, sidelink system is target for short distance transceiver pairs, the issue on coverage is not as demanding as NR Uu.
[bookmark: _Ref114930544]Proposal 3: It is recommended to use 120 kHz subcarrier spacing for sidelink over FR2. 
2.2.3 On TX power
Reuse the value of TX power, i.e, 23 dBm for sidelink over FR2 as defined in TR 37.885. 
[bookmark: _Ref114931914]Proposal 4: Reuse the value of TX power, i.e, 23 dBm for sidelink over FR2 as defined in TR 37.885.
2.3 Indoor scenarios
Both SL-U and SL-FR2 are motivated to support high data rate transmission for commercial usage, such as interactive services (e.g. AR, VR, cloud gaming), thus we can reuse existing topology in SL-U for SL-FR2 as much as possible to reduce workload. 
2.3.1 UE dropping model 
A pairs-topology and a cluster topology are defined in SL-U for indoor scenarios. However, for cluster topology, some of the UEs are considered as wearable and smart-home devices, which in practice does not equipped for supporting beam-based FR2 operation due to hardware complexity and cost. And as a result, we can consider the pairs-topology in SL-FR2.
 [image: ]
[bookmark: _Ref100755483][bookmark: _Ref100645966]Figure 1 Example of indoor UE pair types for SL-FR2
Figure 1 depicts a typical UE pair types for commercial use cases. For instance, a smart phone shares video to another smart phone (type 1), a CPE transmits data to a smart phone (type-2), or a smart phone transmits data to a pair of VR glasses (type-3). For indoor layout, the pairs topology defined in SL-U can be transformed to the indoor scenarios shown in Figure 2, where only several pairs of SL Tx UEs and SL Rx UEs are uniformly dropped in a given area. Given that the pathloss is quite related to distance between TX UE and RX UE, it is necessary to constrain the maximum distance  between TX UE and RX UE. Considering the size of such indoor scenarios, the value of  is recommended to 10m.
  [image: ] 
Figure 2 UE dropping model for indoor scenarios
In the pairs-topology defined in SL-U, there are 24 UEs per 20MHz (including SL-UEs and inter-RAT UEs) in the size of 120m * 80m. Considering that not all devices in the given area are to operate in FR2 spectrum, we may need to scale down possible number of UEs in the evaluation. In addition, the number of UEs in the area will affect interference level to other UEs, therefore, we consider the scaling factor of 1/3 and recommend 80 UEs (24*10*1/3) for 200MHz bandwidth.
For UE dropping, following steps are performed:
Step 1: An indoor scenario, of which the size is 120m * 80m, which is aligned with that for SL-U.
Step 2: There are 80 SL UEs that need to be scattered. 80 points corresponding to  SL UEs are uniformly dropped one by one within the given indoor scenario. Note that the area where the Tx UE serves as the center with   as the radius must be within the given indoor area, otherwise the point corresponding to the Tx UE will be re-dropped. 
[bookmark: _Ref114345805][bookmark: _Hlk100782288]Proposal 5: Reuse pairs topology in SL-U for indoor scenarios in the assessment/evaluation for sidelink operation over FR2 licensed spectrum.
· For indoor layout with the size of 120m*80m, the value of maximum distance between communicating peer is 10m for indoor scenarios. 
· The number of UEs is 80 for 200MHz bandwidth. 
2.3.2 Channel model 
2.3.2.1 Pathloss
In SL-U, InH mixed office model is used for pathloss evaluation and we can reuse such model for SL-FR2.The details are shown below:
	   (Below is copied from TR 38.901.)
Table 7.4.1-1: Pathloss models
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	InH - Office
	LOS
	

	

	


	
	NLOS
	



	

	


	
	
	
Optional 
	

	






[bookmark: _Ref100650159]Proposal 6: Reuse InH mixed office pathloss model as defined in TR 38.901 for indoor scenario as SL-U.
2.3.2.2 LOS probability 
In SL-U, Indoor-Mixed office is used for LOS probability evaluation while in NR Uu FR2, there are two types of LOS probability evaluation model, i.e. Indoor-Mixed office and Indoor-Open office. One typical difference between these two models is that when the distance between TX UE and RX UE is smaller than 1.2m or 5m, the path between TX UE and RX UE is always LOS for Indoor-Mixed office and Indoor-Open office respectively. As our typical scenario for indoor is similar to office with many cubicles, the LOS distance between TX and RX pair is relatively small and a receiver is likely to get signals via reflection when the distance between TX and RX pair is 5m. Therefore, it’s more appropriate to reuse the LOS probability for indoor-Mixed office LOS.
	(Below is copied from TR 38.901.)
	Scenario
	LOS probability (distance is in meters)

	Indoor - Mixed office
	






[bookmark: _Ref114345807]Proposal 7: Reuse LOS probability for indoor Mixed-office defined in TR 38.901 as SL-U.
2.4 Outdoor scenarios
Both NR Uu and NR V2X have studied outdoor scenarios, SL-FR2 transmission should also consider outdoor scenarios, such as Pokémon GO and interactive advisements. Since SL-FR2 supporting larger bandwidth than NR R17 SL, in addition to file/video transmission, high data rate transmission, such as XR traffic needs be considered in outdoor case. 
2.4.1 UE dropping model 
In addition to UE pair types described in indoor case, there is a typical UE pairs in outdoor commercial case that differs from that of indoor case. As shown in Figure 3, a smart HD TV can transmit advertisement data to pedestrian UEs to attract customers.
[image: ]
[bookmark: _Ref114926402][bookmark: _Ref114926398]Figure 3 Example of outdoor UE pair types for SL-FR2
Although Rel-17 sidelink has defined simulation topology, where the UE are dropped on Urban macro with 500m ISD for outdoor commercial case, it is unsuitable to directly reused for SL-FR2 since the pathloss is much severer than FR1. NR Uu FR2 has defined dense urban scenario with 200m ISD and we propose to reuse such layout for SL-FR2.
	Agreements:
· For commercial use case, following layout options are supported:
· Option 3 of TR 36.843: Urban macro (500m ISD) (all UEs outdoor) 
· UE dropping as in Table A.2.1.1-1
· All UEs are outdoors UEs
· Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell for optional
· UE dropping as in Table A.2.1.1-1
· Mix of outdoor and indoor UEs
· Option 5 of TR 36.843: Urban macro (1732m ISD) for optional
· UE dropping as in Table A.2.1.1-1
· All UEs are outdoors UEs
· Mix of outdoor and indoor UEs


The value of UE numbers dropped at a given area is 60 as defined in TR38.802 and we can reuse it for SL-FR2.
In addition, multiple sites are defined in TR 38.802 for dense urban case for NR Uu to evaluate inter-cell interference. However, this is unnecessary for SL-FR2, because it focuses on UEs other than BS and beam interference is limited in such high loss case for dense urban with 200m ISD.
Figure 4 depicts a typical scenario for commercial use cases, where there are several pairs of transceivers uniformly dropped at dense urban area. Similarly, a maximum distance  between the Tx UE and the Rx UE should be considered, due to larger space for outdoor scenarios, both 10m and 30m are recommended for the value of .
  [image: ]
[bookmark: _Ref114162046]Figure 4 UE dropping model for outdoor scenarios 

For UE dropping, following steps are performed:
Step 1: An outdoor scenario with 200m ISD, which is aligned with urban case in TR 38.802.
Step 2: There are 60 SL UEs that need to be scattered on one site. 60 points corresponding to 60 SL UEs are uniformly dropped one by one within the given area. Note that the area where the Tx UE serves as the center with   as the radius must be within the given area, otherwise the point corresponding to the Tx UE will be re-dropped. 
[bookmark: _Ref114345808]Proposal 8: Reuse dense urban defined in TR 38.802 for sidelink over FR2 licensed band.
· For the dense urban with 200m ISD, the value of maximum distance between communicating peer for outdoor scenarios is 10m or 30m. 
· Only one site is considered.
· The number of UEs is 60 for 200MHz bandwidth.
2.4.2 Channel model 
There are two types of channel model defined in TR 38.901 for dense urban, i.e., 5GCM UMa and UMi-Street canyon, where in UMi-Street canyon, the UE dropped in the cluster served by Micro TRPs.  In SL-FR2, communication range may be even shorter than UE to Micro TRP, and therefore, we can reuse channel model of UMi - Street Canyon for SL-FR2.
[bookmark: _Ref114345809]Proposal 9: Reuse channel model for UMi - Street Canyon as defined in TR 38.901 for outdoor scenario.
	[bookmark: _Toc11159093](Below is copied from TR 38.901.)
Table 7.4.1-1: Pathloss models
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	UMi - Street Canyon
	LOS
	
, see note 1





	

	




	
	NLOS
	


for 



	

	



Explanations: see note 4

	
	
	
Optional 
	

	


Table 7.4.2-1 LOS probability
	Scenario
	LOS probability (distance is in meters)

	UMi - Street canyon
	






2.5 [bookmark: _Ref100645860]Traffic model 
2.5.1 FTP
FTP is a typical traffic model for evaluation on all kinds of service in NR Uu over FR2, such as URLLC, eMBB, while FTP Traffic Model 3 (FTP 3) is both used in NR Uu FR2 and SL-U. For FTP 3, the occurrence of such aperiodic event is modeled with a Poisson process, with transmission time of a packet is counted from the time instance it arrives in the queue. We can consider to reuse the FTP3 in SL-FR2 as well. 
[bookmark: _Ref101778620][bookmark: _Ref114345810][bookmark: _Ref100650148]Proposal 10: Reuse FTP3 as defined in TR 36.889 for SL-FR2 as SL-U.
2.5.2 XR
As already mentioned in the WID, a key requirement of SL is to increase sidelink data rate and expand the applicability of sidelink to commercial use cases. For commercial use cases, audio-visual interaction services are typical, such as entertainment at home with gaming based on XR, which would be a particularly demanding application for NR. Moreover, during Rel-18 WID discussions in RAN, the extension of spectrum to FR2, as promoted by many companies, is motivated by supporting high data rate for interactive applications (e.g. XR). Therefore, we are supportive of XR traffic model for assessment as defined in TR 38.838. 
Specifically, there are three kinds of XR services defined in TR 38.838, namely Virtual Reality, Augmented Reality, and Cloud Gaming. Since Cloud Gaming is expected as the dominated application to be widely used, it is suggested as a starting point of introducing XR traffic model into SL-FR2. Besides, Virtual Reality and Augmented Reality can also be considered, more details on these traffic models are shown below. 
	(Below is copied from TR 38.838.)
Table 5.2-1: Statistical parameters for the UL pose/control traffic
	Parameters
	unit
	Baseline values for evaluation
	Optional value for evaluation

	Periodicity
	ms
	4
	Other values can be optionally evaluated.

	Jitter
	ms
	No jitter
	

	Packet size 
	byte
	100
	

	PDB
	ms
	10
	


…
Table 5.3.1-1: Statistical parameters for single stream DL VR traffic model
	Parameters
	unit
	Baseline values for evaluation
	Optional values for evaluation

	data rate: R
	Mbps
	30, 45
	60

	frame generation rate: F
	fps or Hz
	60
	

	PDB
	ms
	10
	5, 20


[bookmark: _Ref83135399][bookmark: _Toc83729062][bookmark: _Toc85778428][bookmark: _Toc90373840][bookmark: _Toc90374008][bookmark: _Toc90374089][bookmark: _Toc92217057]…
Table 5.4.1-1: Statistical parameters for single stream CG traffic model
	Parameters
	unit
	Baseline values for evaluation
	Optional values for evaluation

	data rate: R 
	Mbps
	30, 8
	45

	frame generation rate: F 
	fps or Hz
	60
	

	PDB
	ms
	15
	10, 30


…
5.5.1	AR DL stream(s) 
The AR DL stream(s) has/have the same models as VR DL stream model given in clause 5.3.1.


[bookmark: _Ref114347046][bookmark: _Hlk101456240]Proposal 11: Cloud gaming defined in TR 38.838 is suggested as a starting point for introducing XR traffic models into the assessment/evaluation for sidelink operation on FR2 licensed spectrum, while Virtual Reality and Augmented Reality can also be considered.
2.6 UE Antenna model
During Rel-16 V2X SI, simulation assumptions on antenna model for sidelink over FR2 have been defined in TR 37.885, and they can be directly reused in SL-FR2 to avoid repeated definition.
[bookmark: _Ref100650162]Proposal 12: Reuse antenna model as defined in TR 37.885.
· [bookmark: _Hlk114675568]Baseline Tx/Rx: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2), dH = dV = 0.5 λ,Θmg,ng=90°, Ω0,1=Ω0,0+180°, (dg,H, dg,V)=(0,0).
2.7 Performance metric 
PRR as defined in V2X can be reused. In addition, UPT and latency in SL-U have already been defined to evaluate performance for data rate and latency for sidelink, so they can be reused for sidelink over FR2.
[bookmark: _Ref100650177][bookmark: _Ref114347014]Proposal 13: Reuse performance metrics on PRR as defined in TR 37.885, and UPT and latency as defined in SL-U for SL-FR2 evaluations.
3 Conclusions 
This contribution includes our considerations on evaluation methodology for SL-FR2, mainly focuses on necessary changes when reuse evaluation methodology of indoor hotspot scenarios in NR Uu over FR2 and commercial outdoor scenarios in R17 sidelink for SL-FR2. Since TR 37.885 has already defined some simulation assumption for SL-FR2 and we can reuse them as a starting point. Based on discussions before, simulation parameters are summarized in the following table:
Table 1  Summary of simulation assumptions for SL-FR2
	Simulation scenario
	Indoor 
	Outdoor

	Carrier Frequency
	30GHz
	30GHz 

	SCS
	120 kHz
	120 kHz

	Simulation bandwidth
	200MHz
	200MHz

	UE Tx Power
	23dBm 
	23dBm

	UE dropping model  
	Office: 120m*80m
UE uniformly distributed and the maximum distance between TX UE and RX UE is 10m.
	Dense  Urban: 200m ISD
UE uniformly distributed on one site and the maximum distance between TX UE and RX UE is 10m or 30m.

	Channel Model
	Reuse InH Mixed-office defined in TR 38.901
	Reuse dense urban case defined in TR 38.901

	Traffic model
	Reuse XR traffic model as defined in TR 38.838, including AR, VR and CG.
Reuse FTP3 traffic model as SL-U.

	UE antenna Model
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2), dH = dV = 0.5 λ, Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)

	Performance metric
	Reuse performance metrics on PRR as defined in TR 37.885, and UPT and latency as defined in SL-U for SL-FR2 evaluations.


We have following observations and proposals:
Proposal 1: The evaluation methodologies of FR2 for NR Uu defined in TR 38.802, NR V2X defined in TR 37.885 and agreements for Rel-17 SL commercial use cases, should be reused as much as possible, with adjustment for sidelink over FR2, where both indoor and outdoor can be considered.
Proposal 2: Reuse simulation assumptions on operating frequency and simulation bandwidth as defined in TR 37.885 for sidelink over FR2, where the carrier frequency for FR2 can be 30 GHz and the simulation bandwidth is 200 MHz.
Proposal 3: It is recommended to use 120 kHz subcarrier spacing for sidelink over FR2.
Proposal 4: Reuse the value of TX power, i.e, 23 dBm for sidelink over FR2 as defined in TR 37.885.
Proposal 5: Reuse pairs topology in SL-U for indoor scenarios in the assessment/evaluation for sidelink operation over FR2 licensed spectrum.
· For indoor layout with the size of 120m*80m, the value of maximum distance between communicating peer is 10m for indoor scenarios. 
· The number of UEs is 80 for 200MHz bandwidth. 
Proposal 6: Reuse InH mixed office pathloss model as defined in TR 38.901 for indoor scenario as SL-U.
Proposal 7: Reuse LOS probability for indoor Mixed-office defined in TR 38.901 as SL-U.
Proposal 8: Reuse dense urban defined in TR 38.802 for sidelink over FR2 licensed band.
·  For the dense urban with 200m ISD, the value of maximum distance between communicating peer for outdoor scenarios is 10m or 30m. 
· Only one site is considered.
· The number of UEs is 60 for 200MHz bandwidth.
Proposal 9: Reuse channel model for UMi - Street Canyon as defined in TR 38.901 for outdoor scenario.
Proposal 10: Reuse FTP3 as defined in TR 36.889 for SL-FR2 as SL-U.
Proposal 11: Cloud gaming defined in TR 38.838 is suggested as a starting point for introducing XR traffic models into the assessment/evaluation for sidelink operation on FR2 licensed spectrum, while Virtual Reality and Augmented Reality can also be considered.
Proposal 12: Reuse antenna model as defined in TR 37.885.
· Baseline Tx/Rx: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2), dH = dV = 0.5 λ,Θmg,ng=90°, Ω0,1=Ω0,0+180°, (dg,H, dg,V)=(0,0). 
Proposal 13: Reuse performance metrics on PRR as defined in TR 37.885, and UPT and latency as defined in SL-U for SL-FR2 evaluations.
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